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(57) Abstract: A matrix type piezoelectric/electrostrictive 
device ( 1 ) driven by the d isplacement of a piezoelectric/ elec- 
trostrictive element (4) with piezoelectric/ electrostrictive el- 
ements (3 1 ) having the piezoelectric/ electrostrictive element 
(4) and at least a pair of electrodes (18, 19) disposed upright 
on a thick ceramic substrate (2). This matrix type piezoelec- 
tric/ electrostrictive device (1) is characterized by keeping 
the piezoelectric/electrostrictive elements (31) coupled inte- 
grally with the ceramic substrate (2) and independently ar- 
rayed in two dimensions to form a pair of electrodes (1 8, 19) 
on the side face of the piezoelectric/electrostrictive element 
(4). The state of crystal grains of the face with the electrodes 
(18, 19) out of the side faces of the piezoelectric/electrostric- 
tive element (4) shows that 10% or less of crystal grains un- 
dergo transcrystalline cracks. A vicinity of the junction of 
the pieaoelectric/electrostrictive element (4) with the ceramic 
substrate (2) fonns a curved face, ( 1 3). This constitution pro- 
vides a low-voltage and large displacement, high response 
speed, large generation power, excellent mountability, and 
higher integration. 
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0 0 wm^TW-<t«t<, 1 0-8 0 tLmt-t&ZLttf&QtfrSiLte 

o 

MQ (a) > 0 6 (b) tt* *^B|C!)^ h 'J ^XlE^/tlf/H ^ ^ 

-f ^D;t;^©7^5=-3.x-^fK©«taHT*0* 06 (b) ttupuryv? 

1 fc£fll*.T&D, Th'J^XSEt/lSTAMX^J^faX-^e 1 fc 

»6 4tt, T^^a.X-^g|5 6 1 (Z>tt!ft<0JEE«/«3i£ : ? 3 7 £*f£&T 
BBP8B6 3&WU 7^aX-^6 1(t JEt/iSi?3 7 *^BPfS^ic: 

51DT, #0£K6 4CDISP§|56 3fcl##SB6 6 £^ifi/g£K£i±T\ WPSP6'3 

^^D/W6 5tt, JEE«/mM^3 7 CLfcfccfct) HP 

?3 7<Z)^I^S;»^to d Z.XBM/mMM^ifi^<Dm 1 (a) tezrcSn 

y'vmmbMtf. me (b) ^fccfevvrfeflacojst/fcstt^ 3 7 ate 

bt, HP«6 3*ffl«TS»H*6 7©ffi««*fcTS. 06 (b) *fc:fcV* 
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Tftmomm/mmm? 37c umm^m-v^ x> , z\ <d t &&&& 6 6 □ 
^63 &±m e vx. m 6 3 6 7 teiKiffi^&^o &M/nmm=?- 3 

MPg&6 3§jiiiaf 3r»6 7^©^» i fePIn^n^) 0 06 (b) "f^tf^jl 

6 5fc£, ON-OFF#CD^6.-rH0#i:bTlifgb#^ o 
^ HB Pg|$ 6 3 6 6 <D^t^;£M^5££tV5 fe^Tteft: < . ffi® 

*ro«fc5 z t.m<D^-mz£ r> , p§pgi5±®{^-pfe»Kifr^, mfeco 
}mf&~?mm.?z>z.tbftte, z.<D^vtnmmmm^ mm&M&wz?z>z. 

® 7 (a) , EI 7 (b) ^BJ(DThU^XMffi«/*^A-r^<&^ 
#lt«hia^^-tir, 0 7 (a) fcJ3fc=F8sf|-© 

±®0Tfel9, 0 7 (b) (ii7 (a) ©AA»fBf^t"EIt?2fe«>. »f*tt7 
4tt, 2:3©#fiH£Ste*7 3 <fc, *4l6*2*©T-A^#?SK37aP7 7 a 

37^7 7 a, 7 7 bOI&fn^jt*0 / >fe< t>b-«^fcjS**HliP"5"*fc«)«) 
T^iX—^BS 7 1 

MA.fc£EI7 (b) St7 2 (TO^U3» ±<Z)^ 

77 FIB 7 7 c t3tiSK37*7 7 a, 7 7b)5^^it^7 7 
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7 7 a(:^H7^aX-^|7 l«$nt^5. T;7^X-^7 

g©ffiffissc-rn^ mm-zytoma (off) , ,&*r (on) <D2m&mti 
tot, £ omm^—&7tmzMw.-?n&s ±iBbfcoN-oFF«ig& 

^Bjo-^hu^xMflEm/ms^-vwx^ ^^02 (a) , 02 (t>) t 
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^Ufc^X-f V9-2 0 Ofd&liTfc, m^nrcTPT-zLX.— &U2 1 l©ftfc> 

0 2 (a) , 0 2 (b) (:^tim-f5/5 : 2 0 0^ 5tee3Sffi 2 0 1 t3t 
(MOMS 2 0 8 £X^rLX-^2 1 1 ftfe3igl$2 0 1 fcJU ft8& 

^MSI5 2 0 8 fc*fl*iPr<5i&<D— «K:RW-S*l*3teE*frEl 0 1, Rtf, SteKtt® 

i o i *jejScfc3^iRiK:^iit"c«tt6ns^eaii5»2 o 2, 204, 205^ 
#u >ra»3EM&2 0 8 ftmmB2 0 1 ©^stm 101 \z&m*smt£ 

2>ytRHBtt2 1 0§fU JEtCtt, T^^X— ^8P2 1 lWu ^8Pte#fcl«fc 
D^{4U aEffift3KK3E3E«2 0 81:fiSt SdiSttS'bO^D, 
n.x-^SP2 1 1 cDft«::<£D> 3teaifB52 0 1 <DytKMm 10 1L 
S&2 0 8 ^gMXttii^ft, ^eB«IB&2 0 2 tA*b^2 2 ^€ 

BgP2 o i ©^stmi o i-c^RM^xm^m<Dm^<Dyt^mmm2 o 4k 
fcmz&fcD, ytmxmi2 o 9KL"&omv%RHvm2 1 oo^s»si o 2 

§ 0 e:co c t5^x-i'^^2 0 OtC^^T, jai^tsjstsy^fai-^as 

Lxmm vttytx'f y^<Dm<Dmmmwjz-o^TmM-?z>o 
mi 6 {c^^n^^x-r ^290(1 2001 ^t^tfif^x h 
□-^xvit-rx^^^^^p 1 8 2 f^g^nTi/^fewirss. T^-r 

^2 9 0(1 ^Ute^l 7 7fc^2»«K3TfiPl 7 7 a~l 7 7 diflm> 

\z&m-?z>&o\zmj&-zti, k-d, *<D&mzftv&zym3&m2 9 8 a~2 
9 8 ci \zw^^^nxt^o 
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«K3T»1 7 7 a~l 7 7 dfcX**nft3t©fi»«K«' #IH8ae«2 9 8 
a~2 9 8 di:*^Tf i#5Th'J^X7<7f -eSS. ft* H 1 6 fc^T 

9 8 btd*5^T> 3t#i6K37«l 7 7bl:^^lMlt^?.o 
W7f 2 9 0T11 ^OX h-^t^*<«fc*K:,-*»«»2 9 8 

X, ^^M§I5 2 9 8 a~2 9 8 ft^^a^fclB£jffl*IKIBfc£* A 

1 7 7 bTliffi U *IMSE» 298a~298d 

^©m7ci&^«J^T^nsJ;5{cT^^<fc^*b^. lot, 
&tmssst«fc»fc^ 7^fal-^»fc^ **«84*««»^n 

Htc, 51^ 7^S^S§nT§Pl 7 7 a~l 7 7 dte> ffi:ftRi.^lM*fo^ 
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H17H mi 6 \Z^t%My^2 9 OOCdSrSSSU 3fe«37^ 
1 7 7 a 2 8 It, 2 9 2Stt57^^X 

-^g|5 2 91t, T^^zlX— ^§15 2 9 1 tlT, 

gl (a) (I^^tlST K iJ^7lJEi/tlf/HX 1 «^tlT*i9, ft 
&2£3E8P2 98a~298d fc3tf/fcUT@51£$nW£. 

ft, STFlz. ftX<y^2 9 0 ©T^^x-^glS 2 9 lCWSTh'Ji' 

ffi«/tt^xA-rX(7){pin©iliifeT^5 1 zL.X-^g|52 9 1 £bT<DjtJl/^<5J 
%Mv^2 9 0fc£> ftS§^SB2 9 8 a i^tf^T #3^X-^ 2 9 1 ©EE 

fi/iiM*^ 9 2mmmw;Wix*&<o, yemfm^rmi 7 1 a^cDftmiztz 

gR2 9 8 a£Eirr£o 

fti«MgK2 9 8 b^tt^T^^^.x-^^2 9 i (D&m/nMm^ 2 9 2 

fcflOftttirefctK IW1^**M«37^1 7 7 aOT$t, ftS& 
^S§B2 9 8 b<DW&fr%:m^T^Z> a ftB§^ JS^P 2 9 8 bK:43^Tft« 

K37^1 7 7 ateft^WC^^&i^ #A£n7cft2 2 3te, ftSB2M 
§152 9 8 bT^KMU ft«W3T§Bl 7 7 b^S^tlS. 

7?^^jL-?i$<D{m®iMmmte< mi 7 ^ft^m^ 2 9 8 a© 

#t§0 , (01 7+"WtH«E3e«2 9 8 bO«tt) 
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/Vf X 2 1 0 <Z)£ffi 8 *3te»«K3aW2 9 4 £f* dtlCck D , 2 
9 8 a~2 9 8 dC[)^*«WIH***fc*fciWa:IM:*ft4N* <*r*51i« l 
ffi#*. BP*, 3W«EK»«2 9 4*RW*ilfcfcJ:D. 3MMEK»2 9 8 a 
-2 9 8 d Ol0^^Pi^t5fcJ6Oft^W$ < T^^n.X- 
^£1$ 2 9 1 (DJ£«X«^m^ 2 9 2 ©MtfVhS < "C fe, «&*.&H^5 - t 

^^.x-*^ 9 l*Rtt*£fcfc«fc0* ft»«»©«&*©H!n»A* 
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BG2 9 1 (JE«/«M^2 9 2) ©JS^SI^T, WP*>&BJP'MBtH»SEflS& 

, IT^iX— ^$B2 9 1 t»Wl7 7 t0g^^^T, X^n-X 
-*?%12 9 1 &#tofc-r*fflESB8 Jt*R»aPWl 7 7 £®|K»c, J:0«iJttCDi« 
^i»KH£S2 8 6&ftVT&&Vfr£Z\Zi<z&^T^fcZ>MT*fo&o #:# 

2 9 2±ffi <ftU&®) t3teS&KfiP#l 7 7 t©IWIH&, JS»«Klfii 

WK SI 9, H2 0t*V»T, 1 7 7©_hTC@a^$n^T^5 : - 

( a ) CftT h U ^ xmfeM/m^/^ X 1 S\ "RftlfctelSI 2 l IC^Tv h 
U^xi!iJ3ES/«^TWrx2 ios, ga^T^ei t^"JI^T^§c 

m 1 3 WU ^iii©-Wl^^iit* II 4SZXISI 15tt 
, 01 3 fcSf 3fcE«1B» 3 4 0©DD»fBfO— »**UfcHTf*0, -etl^n 

fcJB^&tU -€-©T^j.X-^g&2 9 1 £LT, ^ej^f^^ThU^XMffi 

'3tKa*fil* 3 4 0tl T-f # d ^ 3 11 HJ ^ Xttt 

<59feiElfW3 1 3 tT^^iX-^.S 9 1 #^&f«3 1 1 fcft 

Mi-^^a^jE«/mM^3 9 2j&*ERsnTv>s. m.fc£H2 1 t^sns 
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icff *t hj * xgffi«/«a^w * & t * ^x-*sb 3 9 i tvxm^* 

*©Mfc*3feElfl«»»3 1 2fc*D*Elt«3 1 1 * 
UT> 7 ^aX-^3 9 1 (ffi«/«36*?3 9 2) ©{«Kl£D> 
«3 1 lB*El«DdW3 12t©BC«Wft»^ JtAUT*fc#2 2 
4©EIW*ft*fc3tf*. £©£«*©**£"* ^ns?x^^T*n«M 

Et/tffll{ : F3 9 2fcll»tS«»ttt» H*sn*«k5^ 
3g feA ^*< <hn^©T, PMtt©i»Vi^RI#«*«fflbTfiKlc«n*:3teEW' 

£*©«*«, mp OteR«««fao M«/«»rfc©wi*^<ffl* 
5©tv swa©*^^****^*^**- 

ftRMflMHWu 013-015 3 4 0 ©MWfcRfcStt 

-f s«b©"e s fofUffipitST*^o 

SMbKUS^tfMBfc/B^T, *fict»t#, JfcttfcSfk <0«^ it 
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T£„ ^mmizm^ b u 2 xm^m/m^ju x<Dmm.^mtm 1 ~Bcxm 2 
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H8 (a) -B8 (f) BU (a) 

tUfci»*» 1 5 M 1 6 , 117 £ft*. Xfc* Sfr- h 

»>-Hl6ttU9l:« ^S^i-fffU 08 (b) tc^sn* 

08 (c) ^T£?^ JOTL5K*W«**6 (3W>**2 6 
)Cttl8, 19ft^t5tW^ XJ^-iH2 8©»t>ifl 

«3 5o«ot, ^»^*ni. x^»^n 

ft, H8 (d) ^HW^75 7^i#3 0 4H 08 (O 
55^«l#3 0 3^90° fiCUfcfctSftS^TfcD, HI 8 (c) 

#flf*^Ut^5*«, 08 (d) C*ti««t^^aift3 0 4Ttt 
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aft— ;H 2 8iiP®ttTM^oT^S. 

0 8 (e) }I^t<t^[cM3 5 1 t:fp v oT^II^^»t, f@ 

iJEl/iSf/t-fXl^^TS (0 8 (f) ) „ 

3 2 (a) -03 2 (d) £^£5 ^n&ftffi#^£JtffiLfcV>Sl&T? 
(03 2 (a) iZ&tfZKffll 2 50tin<) J£/&£n> M3 2 (c) T^Jlff 

ft-f\ mfe$C$k(D J £^=iyt7¥0->i'— K£ffl:tU 03 2 (a) T\ 5/— 
h£/\°>^<hy^fC<fcD&*£rMn:LT> 2<D!5Pi£Era£b^B:&^?l£l$l 5 
&«ffcWfrfc>'-- M 16, 2 17 Mfc, h 2 1 7 £tt#?L8P 1 5 

D?*T®^v—M 1 6(3^:§J;-5^, 32SK:f«jI • JE*U HI 3 2 (b) £5* 

^lt, mf&—mti,x^^y^mm^4 0 3^mrzmz, 032 (c) t 

> 5if0JPX^©^tJ:oT^^^l^b, 03 2 (d 

) (DMO, ittt75y^tl#4 0 4m, Igte, 0 8 (e) , 0 8 (f 
) \zmCT. 7 h U ^XlJEf /ilf/K X 1 S^f 
03 2 (a) -03 2 (d) lZ$£?JjmT*fe. Jl^l 2 5^~>-h 2 1 7 F*3gR 

7b^mzffife&mzx)v-7fr—)V&Mj&vxbfr$it>tsi^ u 

ftt, 03 2 (a) -03 2 (d) T!tt*«^j£»fi«#l»U , W*. 
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znrc-? \> u 9 xfiffit/iif;w x i c*wrjE«/«5** 3 i ©s£fc:£ 

©ftB^ (ZttfrflN 08 (a) ) fcttHfc*. BPS* Ei/il^3 1© 
M 1 6 . 117 ©fMRfcftSF^ a§P 1 5 ©«MK (Y^fa 

, 08 (a)) tft#t5. 
ffi«/«M*^3 lO^lt t7$'^^J-»-M 16, 1 1 7 (DiP 

fc^ttflDSSI/M** 3 1 < £ fc*t*TI&T?* 

Mi6,n 7 ©j**ttfc*fc»RfH**#» ^©JiWoftt^ ?L£nxfcl£JB 

0 8 (a) 4KD#«r*©Z©PPI*««W JBE«/«S*^3 1 

MLS SO. U mSU 0 . 5 n m&TfcT * - fctflfl*. 3 1 
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mmT. mtm^mmum) <DWzmm^mmmmz\mj:^m^x^^ 
<zm f&i&mz&^v--, ^y^-^—mfDm^M^m^Tcnuji^n -5*1-0 tit 
^lt> mnxmzM-r^>^^— ^^^z\t^<b. m^mmhrnm^zm^. 

t# i o o o <om) &n^fc.m&<DWWimw&t£*L wi o o o-fg) vt^se 

@11H /\'>^&^^ffl^XTOJPX^fTo^^^L,fel^^©I«it 
<DWWi%m*&± (f»l 0 0 Ofg) UfcSEM^jrCifcD, EI 2 9 teU ^CD^J- 

8<£0, X^-fit-JOX^rff feline te, T'f^Dj'^yi' 1 9 l^&ftgfii 
-fe^S^^lg^^l 9 2(D#ffi^^n^>. 

A-^&^V^^^TOJDX^fTo^I^ (011) fcfck I10CI, 

ipxom^^-rn»\ ^©^Wf*®^*^^, 

£#te#fls«* 
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*t* tte% j£n/mm®.<D&m *««mw»t? w ^ > lc * * * tt 

««©ffi«/«Sfr4«#*fc*. JKW»fc«»ftlX*ff5^ H8 (e) T?W 

5/-M 1 6, 1 17©^ mte.m-(Dftfc*^Z>® i ft } ' z * ~>-M 1 6 
U7SJB*Ifi5^ %rV<\%. *KPfc>*SrCT, M 1 6 , 11 

Tfc*. «U -©^T«, H8 (a) 
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h%mm-tZ>Z.£temM~T:fcZ>(D~t:\ 0 8 (b) l;Stt7Sy^^U- >fMM 
HI-2 7 (a) -IEI2 7 (e) te, ffftHPMM©JWfrW#fe&^"0' , ei& 0 * . 

is- hi i 6©««*fiP£-r5;*hu v/u i *mmisfrA>?-i ot^< 1 2 

j&>6>fc5&3!&/BV>W5. 0 2 7 (a) te, ^ 1 2 ±Klft?sD h 116 
a*tt-&fc#r-&tfe*«r©jRIB&^^»" H2 7 (b) T\ A°>^ l-Ol^X h U y 
/1 1 1 £TPfc£-&T\ is— M 1 6a \Zllt^ti%tk< . 

2tl^>-hl 1 6 b©fl-&fit*«PflllCAS*«, £©£#02 7 (c 
) fcjRTJ:3fc, *8J<&2/— M 1 6 ate, XhUy/U l fcSBStSirrJt^fc: 
feWl-Z^T^ 1 2^6«rr . Xh'J >y/^ 1 1 f~->— M 1 6 
tt, M*.fc£, X h 'J y/U 1 tBS31?L«l/T«»lt5 2:i:^iai?l5 

f 1 0 R^X h 'J yA° 1 1 ±^f^^ £©§l#±W f T^£i£4 I te. 

teZLtim$Zls<* X, ±®Z>mz\t, —mtt\%Jztffem®(Di/-hl 16a 
©*T«P«fcOtf^lcSI#a^i:C5T±«e>*2lt56«il : F35'r*S. A>^1 0£ 
*SJ©->— hi 16 aOJLSt'MbfcO, ^tX h'Jy/Ul C04"\*§-ffiL-T 

!H2 7 (d) fck 2tfcB©5'— h 1 1 6 b©fT&tfc#X@&^U WifflOis- 
h 1 1 6 a h U 5//U 1 Hit ^ it, ^12±iC, 2ftg®^- 
Ml6bmi:i«^2 7 (b) ©X^Ocfc^ fcfl"£tfc£fcb#, PTO 
ICHIO©^— M 1 6a tSfe'&to-ar&ns. 

*UT, 02 7 (c) , 1212 7 (d) <Z)XfI£l§D}IUT, *T"&tfe^nfc««J 
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®->-M 1 6ai2ftIO->-H16bfctlb&*)*T. *HJ*m 1 

H27 (e) II '^if ^TbfcW^bT^So Mfel»©S/-h 
1 i6©fT^MMI*Wtfe^ *b»J v/tl l^Jc^v—M 16© 

J^±5zB-<fe^^ #12 0 0 1-1 3 1 4 9 0 fc|B*©M#i£&W ^fc 
fe©T&D, co«WPlcJlP^±BX^--*--n'12 8©»*lcJ:D, m^©J»2 
**bjr»?L5*«^S?nfc-fe^5y^^U->«l»#3 0 1 (IH8 (b) ) £ 

#:3 0 1 

b) -08 (f) fcjRfJiSlC* v—hl 1 6©«i^lS (ZiKrI*!) £E« 

/mmfc4 (jEi/tsif 3D ©-7h'j^xtsaf0-(D^[Sit^§. 
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5LM©ftIffi (JEm/«MfW^) VtcQ b& ^ £ O \Z, JL^T^>Z.t 

fiW&ls^o MfLfc M8 (b) iZ&^T. -fe^y^U — >ffim&3 0 1\Z 
ftVT, jrfflJLStfMFTScfcSK:, t5§y^^'J->->-h* (Elf* -t® 
ROTIBK:) iKD#ttT, filers dtfe^SUVi. £©J;5fcBiJ3fe>'--h&tH! 
ttTfc, Sfe^fctt, 7JH*-;H 2 8^iJ->^-h*©f TOM 

\z, mmmft mmii^mm^^r^zwmfrczy-hmm^) zwmm 

y^U>^ K3£P^i\ CVD, *y3r* X :7V— QFCff V d 

. d©pg> -)itcotWI§L^^ t fc^t-77;+>^^bfe©^, mMTzz: 
fii^stts, f©@WT, 0 8 (e)'©«Bfcrso«r, mv<u, mz 
g'te cfc o T^n e zmmtsitftu. — ^©«»%m £ . 

arr*^ 7°©t h u ^7Mj5Em/«M^W7.tcjg^-rn^ m 2 2 t^^n 

^^NU^7Si£S/«^A<7©ck5^M^^m*> re»4Kt8"e 

h ufc«ifc«^6*r« ^<hfe$f£L,v^ z\<d&? tj&mz:& x* nm^m^. 
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* ^ U - > J*»# tS ir 9 5 y * fllK^ * MS b » -Wm^^^v? 
jfc-TSXSD t> K5 1 ©X U y hte*SMV5l«©* 2 OX U v V «&<DX U v 

% X7-r-ij--#©ia3effi«k&ffl^feiipxfctfcttb , r, «inx#fc*rr 

§^-^/jN$.<, «/|Na:ii3S'b*»fclPXffi**. f^T, »X®©?§® 
C*^Tft**«/h*<I^«C«0, JDXU&ffi«/«3S»0*Bf (MS) K 

8 0 0'0j&*ffSb^. 

1 0 0 0^) IftHIftfSEMWPftS. »10Wft*S5©«WlC*^TlB 

bfc*n< (Hiofcw-rao > H€iEtt*fflVifcminx*ffofctt»*Tr^ 
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•V-^fcttWa3 0-2 0 OMm0f£ffl-T?fT-5£iaW£L,<. ^©HK^SnxME 
tt, #£fal 0 — 1 0 0 #m/m i iKDffifflTft^ Z. tifi&&V\t*. X. 

, *fW, ^S^JSDT, ttEtel 0~8 0 Om/mi n©teffl-tfS9S£T5 

IlWSotfe, iox®©mi^imWi : ?©f(j'&^ i o ^Tfc^flMti"*?* 
utf. ia«i®fe&ffiv^«i^xfe<hbT7^^-y--finx*fe*fiJffl Ufcws 

m.WTZo 03 1 (a) -03 1 (h) l4J|2 0ffifi*feO- ^i©Wlg&S 

z/-bzmmirz>o 03 1 (a) t\ mzjEn/mmm^s is»*t5t55 

y ^^U->^-M 6 <h> tCS* 2 ^Mt^t 7 $ 7 ^ - >y- h 1 
1 3*, A^ty-ffccfcOm^^fc^St^JnXTS. 1 3^tttf 
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